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QUESTION ONE: THE DOPPLER EFFECT

https://www.sea-doo.gr/blog/types-of-jet-skis/

Martin and Kerryn are riding their jet skis on a lake. Martyn’s jet ski is fitted with an air horn that
emits a frequency of 1043 Hz. At one point, Kerryn stops and Martyn travels directly towards her at a

speed of ZVZ,E m s '. The speed of sound in air is 343 vrdn g

(a) Calculate the frequency of the sound that Kerryn hears.

o A 3 i 343
? =¥ e VA~ VS %{, e )0‘5’343 -27.3

F = 113349 Hedp cconnded)

(b) Explain why Kerryn hears a different frequency than that emitted by the jet ski’s air horn.
Kern()n heate o A.Blerent agpacent Q—rc.c‘,w—nc.%
becouse the source oF P horn s aggreaching hes
His meons e Seund waves ose becomi Q- Mece
comp ce<sed  as b 3&\-5. clcser  mak Q4 e hecn ‘
Scen ke ik & Scundlrxa ab a different Frequency.

(¢) Kerryn is floating very close to the path of Martyn’s jet ski, while her friend Erin is watching
from a bank on the edge of the lake.

A B Cc
lMartyn ll(enyn B
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The graph shows the frequency of the sound heard by Kerryn and Erin as the jet ski travels
fromAto C.
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Explain why the frequency that Kerryn hears is the same or different to that which Erin hears.
KC“‘af\ ak paiat B i\ have mackin pass
bd vesy c.lose:l«j befocee. he Slacks o mgoue on
Ko paok € ths con  be geen an MHe verb
c;a.'c\z.. o\ro? N Y(‘e.cv.t.u\c.a Mok lce.mor\ heacs ab forak
B. As soen as  Marha poss<s )CQF\"\jf\ l'l"i.%'e(i,ucncﬁ
o stz 1IN heas i\ be Wﬁ lawes
s Hao Y-re.cv,«.gmcd (Pmc) Whea  Mashin  was v(gh\"
nex b ko hec. Ecia 6\-cmo\.'.fU en o baak w:ll
Ao N A\ ttecenl Y—rcci/u,r\c.t) o Ke,crar\ aS
he. & Rusrhec avay From  whore Vg Jeb
Sk (Moshin) Wil pass by Tis means Haakx Huce
eal be a mace SYQAM\ &s‘cf 'a Hae V('eq/wwy
bhat he il heac comramcaf bo kzrvdr\.
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An underwater microphone has been submerged in the lake to monitor noise pollution from jet
ski engines. Martyn’s jet ski engine makes a sound at 574.0 Hé- As the jet ski travels away from
the underwater microphone at 27.3 m s”', the microphone measures a frequency of 563.6 Hz

coming from the jet ski engine. .P.‘
Calculate the velocity of sound in water.
‘4 Vi i Vi
Pl W = Ve e e oF)

Vi =2

Sere-iue =t

2. = 1479.45 .
vwm=14729.45ms™!
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QUESTION TWO: STANDING WAVES el

The cello is a stringed instrument belonging to the violin family.

The strings are supported at each end by a piece of wood called the
bridge and the nut respectively.

The length of the strings between the supported ends is 0.690 m.

When the cello is played, the strings can vibrate in different
harmonics.

(a) Draw a diagram of the 4th harmonic. ‘

Source: https://en.wikipedia.org/wiki/

Label the nodes and antinodes. Cello#/media/File:Cello_front_side.png

RN o An\"\ C\OA@

AN AN AN
/‘\ /‘\\A/\ N nedL
N N
Né - N
If you need to
redraw your response,
use the diagram on
page 11.

(b) Sometimes if the cello has been in storage, the tension in the strings will decrease, and the %
instrument will be out of tune. The strings will therefore play a frequency that is other than the
desired frequency.

Use the equation below to explain how this could have caused the frequency to be higher or
lower than the desired frequency.

tension
mass per unit length

Vwave on string =
No calculations are required.
3% A Srecage Ha Yensicn loesens/ decrenses IAS(‘r\S
Hiig @i/ml-\‘cﬂ, Fha)l ceduchion has o Aivect [mpact
on e veloatty ot the wave ond  brere Sor
Ca Mbired, woite Whe ceduchion a Mass pec  uak
LLQSHA He chiw‘cd ermmitred will  be lowser
Fren the desited Qrco(/mnc.-i.
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When a 0.690 m string is played, the first harmonic has a frequency of 147 Hz. A finger is then
pressed onto the string, changing the length of the string to play a first harmonic with a frequency
of 207 Hz.

Calculate the new length of the string when the second note of 207 Hz is played.

Assume that the tension in the string remains constant.

-2 y=F)
Ix0690 =138
VS 2
\JTlyz, ) .58 202707 % 25
V=202 o = X }\:0.976
A9l

A2
o
L——4+T— L-0.u488m

Two strings that are next to each other can be played at the same time. When
string 2 is played (without a finger being pressed on it), it produces a note with a
frequency of 98.0 Hz. Strings 1 and 2 are played at the same time that a finger is
pressed onto string 1, and the length of string 1 is gradually reduced until a beat
is heard.

(i)  Explain why beats form.
Berts—Foem—eokr—points— oF—conehe Ho-
BeaY¥s Vocm wien Ha waves ase out
of Sdr\c, so  when Yo ]—r‘Ouak of Strings 1234
Skang® | occuss s\-c‘ma 2. 1\ ke atr . ls
peak qp'\?l\‘kuo\e his occus polea | pwavek D

hat  We size of  tha ol
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(i) Explain what will be heard as the length of the string continues to be gradually reduced.
The VCIOC.{)U ot Ha 1oave 1ui\\ decrease
¢® Hg Uis a predocy ot Fu v A Hus
alsd avanS Fhat & He Navﬂean\ A
ZL and Lis ‘95;"‘3 redwced e waw,lenakk
Ml atee dectease; This means  Hhe P—cezumc:l
heosd Wi\ shy He sarce.,
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QUESTION THREE: INTERFERENCE PATTERNS A

A laser shines green light onto a double slit, which has a slit separation of 1.25 x 10 * m. Each slit then
acts as a light source that is in phase, producing an interference pattern on a screen with fringes that are

close together.

Diagram is
NOT to scale

Source: hitps://courses, lumenlearning.com/suny-physics/chapter/27-3-youngs-double-slit-experiment/

v 0
When the screen is 3.40 m from the slits, the distance from the central maxima to the 3rd order
maxima is 4.20 x 10 ° m.

b
(a) Show that the laser has a wavelength of 515 nm.
v i *ﬂfﬂ:‘_‘“ e
T R e
s 346
Z=A

A-bidbxio %y s5i5am

(b) Explain why the intensity of the light on the screen varies, as shown.

Becopse as He \;6\«\- 'S shone. Hr\(mia\r\ ht) Hea
lases b selcacks  fox M\‘r\Q 6\0.{\0\.‘043 menes - Thos
paYresa ot ;r\\"t.f\s;\'& en He screen shows bright
Esinges  which S He produck ot conskeuwckive
intesberence. Whea He Wave B (o Sync and dack
Y-c‘m\ejgs when  Hha  oaves. are sut of SYnc
= points  of  Jeskonciwe JnteXenence.
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9
(c) The double slit is replaced with a diffraction grating which has more closely-spaced slits.

Describe and explain the changes to the interference pattern observed on the screen.
1t Yo Adoub)e sk} was ce,glo.ceo\ PR a
A ¥ brackion %rox\ir\cb Pere  oould be avescy A (Ferenr
patresa os  Huece oo be  ace fovars ot
desSkruckive and conslhruck ye ‘atesberence .
Tlere hould a\se Aot be a  cenlran Mayicg
khal 18 He br.‘akl’esﬁ V—r\‘r\ae as nok ol
)"\«\2, rJaves  tuould ecass Q—@r,\m‘;\d Kot oo S hedd
hhe middle  Lyoudh be home po fho
dathest cenbm Qrir\a@ viose e asb

deshrriehve. Jnkes beronce DCCUrS

Question Three continues
on the following page.

08950
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(d) In another experiment, a green laser, of wavelength 515 nm, is shone through a different
diffraction grating and 7 ‘maxima are seen on the screen. The screen is 0.900 m wide and is
1.20 m from the diffraction grating.

| B

&

<+ 1.20m

Calculate the possible range of values for the slit separation of the diffraction grating.
NA= gloc

5 B o C&n)-ca\ moxima FO 3cd odes
©.900 —2 Z0.45

x.-0.48 =0
BOCXO 45
1. 2©

; ~F . X x0-45
15 B
S¥% S:.19%iio =

Ay SIS =

3N A: gl X/O-q’

2.a 4z 2.7 0 4 <a“ rowv\eé\\
In A= 1_37“0-4
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Marker commentary

One

In (b), the candidate needed to specify increase or decrease,
rather than “different” and only restated the information given in
(c). In (d), insufficient working was shown for a full grade.

Two

In (a), the wave is not centered on a stationary string at the
equilibrium position. The distances between nodes and antinodes
are not equal.

In (b), the candidate needed to specify an increase or decrease in
velocity rather than state it was different and mention that the
wavelength is constant.

In (c), a more logical and sequential progression with formulae and
layout would have improved the grade.

In (d)(i), the candidate has poorly described the phase and
resulting interference and neglected to link this to the resulting
volume or mentioned the alternating volume. In (d)(ii), the
candidate has incorrectly assumed that changing the length of the
string changes the velocity, and there is no mention on the effect
to the beat frequency.

Three

In (a), the candidate has given the correct answer and identified in
(b) that constructive interference causes a bright region. They did
not however specify that this occurs when the waves are in phase,
due to a path difference of a whole number of wavelengths (and
likewise for destructive interference being due to the waves being
out of phase when the path difference is odd multiples of half
wavelengths).

In (c), the candidate has not identified any of the changes to the
pattern and incorrectly discusses “more points” of constructive
interference. The candidate has identified that the 3rd order fringe
is observed on the screen in (d), but used the small angle
approximation formula for a large angle. The candidate does not
identify that the edge of the screen is between the 3rd and 4th
fringe.




